SUMMARY To investigate the genetics of susceptibility to early onset pauciarticular juvenile chronic arthritis (JCA), 158 unrelated ethnic British patients with a mean disease onset of 3-2 years, together with controls, were tested for HLA-A, B, C, and DR antigens. Additionally, 117 patients were also investigated for complement Bf and C4 markers. New observations included an increased frequency of the C4B 2 allotype (p corrected(pc) <0.02) and C4A 4,B 2 phenotype (p<O-0005). Findings suggested a unique increase of the haplotype HLA-DRw8, Bf*S, C4A*4, C4B*2, HLA-B39, possibly predisposing to more severe disease. Strong positive associations were confirmed with HLA antigens A2 (pc=2-5 x 10-8), DRw8 Pc=3-5x 10-'14), DR5 (pc<0 02), DRw52 (pc=2 8x 10-6) and DR5, w8 phenotype (pc=3.9X 10-), and negative associations with DR7 (pc=5-8x10-7), DR4 (pc<0002), and DRw53 (Pc=0004). Antinuclear antibody (ANA) seropositivity correlated with DR5 (p<002), and in children with chronic iridocyclitis (CIR) Bw62 incidence was raised (p<003) and B44 reduced (p<003). HLA-A2 was found in 88% of ANA+, CIR+ patients (p<0-01). A significant excess of DR5, w8 heterozygotes was present (relative risk=41.1) and a lack of corresponding homozygotes. Results are inconsistent with a recessive, dominant, or intermediate mode of inheritance of susceptibility, and favour the existence of at least two DR linked 'disease' genes. MoreoVer, there may be an interaction in heterozygotes of combinatorial factors associated with DR5 and DRw8 in enhancing susceptibility. Possible immunogenetic mechanisms underlying the observed associations with three antigen classes are discussed. Evidence here suggests a role for the HLA-DQ locus in determining susceptibility to this disease.
duration of disease was 10 4 years (range 2-5-38 years). The majority of these patients were in ongoing studies relating to (a) ANA and CIR in juvenile chronic arthritis and (b) extending arthritis after a pauciarticular onset. There was therefore a predominance of patients with ANA and also of those in whom disease had extended beyond four joints. One hundred and twenty-two patients (77%) were female and 36 (23%) male, all were IgM rheumatoid factor negative, 110 (70%) had ANA present in their serum, and 84 (53%) had developed CIR. Forty one (26%) cases persisted with pauciarticular disease, 47 (30%) had extended to five to nine joints, and 70 (44%) had over In addition to the traditional RR, the degree of positive association was estimated for the total study Relative to controls, a marked disturbance in the distribution of DR antigens in the patients was found, as shown in Table 2 . The frequencies of DR5 and DRw8 were increased, the latter being associated with a high risk of the disease (RR= 12-8). The incidence of DRw6 was also raised but not significantly. Both DR4 and DR7 were much reduced. The low level of DR7 was most significant, with a substantial PF value of 0-28; presence of this antigen carries a fivefold decreased risk of contracting the disease. The two cross reacting groups of DR antigens, DR3, 5, w6, w8 and DR4, 7, w9 were fully included in the 'supertypic' specificities DRw52 and DRw53 respectively, which is reflected in the significant increase of DRw52 and decrease of DRw53.
At the C4 loci the frequency of the C4B 2 marker was increased significantly (Table 3) . Among the high risk group of DR5, w8 heterozygotes (vide infra) the incidence of this allotype was found to be even higher (46%). C4A 4 was also raised, though this was not significant after correction. No differences were seen in the distribution of the Bf alleles. 9-8x 10-3 *n=158 (HLA); n=117 (C4).
HLA and complement phenotypes
Eighteen patients carried DR5, w8 (11.4%), 14 DRw6, w8 (8-9%), and 12 DR3, w8 (7-6%). The increased presence of the DRw8, X heterozygote gave a relative risk of 6.8 (Table 4) , whereas the DR5, X RR value was 1-5. The DR5, w8 heterozygote showed the most significant increase, conferring a high risk of the disease (RR=24-6). This contrasted with the absence of risk for DR5 or DRw8 homozygotes. It was notable that 58% of the patients carried DR5 or DRw8, or both, compared with 20% in the controls. Both the HLA-B39, DRw8, and C4A 4, C4B 2 phenotypes were significantly more frequent in patients than controls (p=1.6x 10-6, HLA and complement haplotypes Selected haplotype frequencies and linkage disequilibria in the patients between the HLA loci, and between the HLA and complement loci are presented in Table 5 . Established gametic associations in Caucasians,36 which are present in this population, are not included in the table.
HLA antigens B39 and DRw8 were in strong linkage disequilibrium (HF=0-068, Ar=0-82), which compares with controls (HF=0-005, Ar=0-37). Similarly, the linkage and haplotype frequency of the complement alleles C4A*4 and C4B*2 were much greater in the patients (HF=0-091, Ar=0.92) than those found in the controls (HF=0-024, Ar=0-62). The 'null' allele 10 6) The antigen DR5 associated with pauci-JCA failed to show any haplotypic or phenotypic associations with alleles of loci other than the Bf locus.
The frequent antigen HLA-A2 did not show the normal Caucasoid linkages with HLA-B44, Bw60, Bw62,36 nor with any other alleles (Table 5) . To try to explain the prevalence of this antigen, possible associations with the DR5 and DRw8 phenotypes were sought. The frequency of A2 was similar in DR5 (84%) and DRw8 (73%) positive patients and showed no difference between those carrying DR5 and/or DRw8 (77%) and those negative for both antigens (78%). Similar analysis of patients compared with controls confirmed a higher frequency of A2 in patients irrespective of the presence or absence of the DR5 or DRw8 phenotypes. 'Values compared p<0-03.
All other comparisons between disease course subgroups were not significant at the 5% probability level.
group Sex, age of onset Selected HLA antigen frequencies in patients in relation to sex, early age of onset of disease (1-5 years), and later onset (6-9 years) are given in Table 6 . The normal level of DR4 in the later onset subgroup contrasted with a significantly reduced frequency in early onset. The antigen Bw62 was significantly more common in boys when compared with both controls and with girls in either onset group.
Antinuclear antibody, chronic iridocyclitis Of the 84 patients with CIR, 66 (79%) also carried ANA; of the 74 cases without CIR, 44 (59%) were ANA positive (p<0008).
As shown in Table 7 the DR5 frequency in the ANA positive group was increased compared with that of controls but approached normal frequency in the absence of ANA (p<0-04). DRw8 levels were maintained above normal in both subgroups, though were higher in the presence of ANA. Both DR2 and DR4 correlated negatively with ANA, being less frequent in the ANA positive group relative to both normal values and the ANA negative cases (DR2: p<0-06, DR4: p<005). Additionally, HLA-A2 was more prevalent in patients with ANA than in those without (p<0.02).
The CIR analysis showed a different pattern of association (Table 7) . There were no demonstrable DR differences, but the incidence of B44 was reduced in the presence of CIR, and above normal frequency in its absence (p<003), whereas Bw62 presented a reciprocal pattern (p<0-03). HLA The DRw8, C4B 2 phenotype occurred more often in the group with ANA (22%) than in those without ANA (13%) (p=NS). Haplotype analysis showed linkage disequilibrium between these two alleles in the ANA positive patients, not evident in the absence of ANA (Table 8) , and which was greater than that found in the total study group (Ar=4-6 v 4-0).
Disease course
Patients were divided between those following a persistent pauciarticular course for at least five years, those extending to five to nine joints involved, and those extending to more than nine joints.
Individual complement and HLA antigen frequencies did not differ significantly between these subgroups, other than that of Bw62 which was increased in patients with persistent pauci-JCA and in those with five to nine joints involved ( Table 7) .
The DRw8, C4B*2 alleles were found in linkage disequilibrium in the severely extended group but not in those patients more mildly affected (Table   8 ). This haplotypic association was substantially stronger than that of the total study group (Ar= shown (x2=14-0, p<0008) due primarily to the very high risk for DR5, w8 heterozygotes (RR=411, p=1X3x10-8), and to a much lesser extent for DRw8, X heterozygotes (RR=9-8, p=1'4x10 ").
The Hardy-Weinberg fit for the DR5 and DRw8 phenotypes is presented in Table 9 . Gene frequencies were estimated by the gene counting method of maximum likelihood. There was a lack of HardyWeinberg equilibrium in this disease population, with a significant excess of DR5, w8 heterozygotes present and a deficit of the corresponding homozygotes. The observed number of DRw8, X heterozygotes was as expected from the increased incidence of DRw8 in these patients. Similarly, the DRw6 positive phenotypes did not differ from expected numbers.
These are findings inconsistent with the hypothesis of a recessive mode of inheritance of susceptibility to pauci-JCA and point to an additive, 'overdominance' effect of DR5, w8 heterozygotes. 1' group.bmj.com on June 28, 2017 -Published by http://ard.bmj.com/ Downloaded from association between DRw8 and C4B1*2 which is supported by preliminary family data, is likely to be unique to these patients. The striking relationship of the B39, DRw8 alleles we report may reflect a functionally significant HLA-DQ a chain variation, as has been suggested for the B15, DR4 associated effect in type 1 diabetics.42 These results require verification in further family studies but, taken with the phenotype data, the' imply an increased frequency in this pauci-JCA population of a supratvpe, and possibly an extended haplotype comprising DRw8, Bf*S, C4A*4, C4B*2, B39.
The multiple associations with HLA antigens confirm and extend earlier reports.'-21' The increase of A2 was unrelated to increases in other antigens, in agreement with reported family data.'9 Associations with DR5 and DRw8, both singly and in combination, were confirmed, with 58% of patients possessing either or both antigens. The presence of DRw8 confers an almost 13-fold risk of the disease, which, together with the substantial EF (6) value, signify linkage of this allele to a disease susce'tibility gene. In contrast with earlier findings4 6 9 the DR5 increase was less marked, possibly reflecting racial differences between studies. Reports of a significant increase in DRw6 incidence' 13 22 This study has shown an excess in both the frequency of and risk for DR5, w8 heterozygotes over those for both of the homozygotes. The standard deviations of risks tend to be large, but these observations together are evidence to discount dominant, recessive, and intermediate models of inheritance and introduce the concept in pauci-JCA of at least two different DR linked susceptibility alleles or genes, possibly acting through separate pathogenetic pathways. The affected sib pair data, showing that both haplotypes contribute to susceptibility in most cases, support this hypothesis.'9 21 22 Moreover, the possible greater risk for the DR5, w8 heterozygote than for the sum of the other heterozygotes, DR5, X and DRw8, X, may indicate that the effect of the DR linked genes is more than just additive. Such a mechanism, involving the DR related HLA-DQ locus, might be the generation of hybrid antigens in particular heterozygotes by gene trans-complementation,44 which may be implicated in enhanced susceptibility to certain other diseases. 42 
